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ThermodynamicAbstract A new biosorbent loquat (Eriobotrya japonica) leaves waste for removing cadmium (II)
ions from aqueous solutions has been investigated. The extent of biosorption of Cd(II) ions was
found to be dependent on solution pH, initial cadmium ion concentrations, biosorbent dose, con-
tact time, and temperature. The experimental equilibrium biosorption data were analyzed by four
widely used two-parameters Langmuir, Freundlich, Temkin, and Dubinin–Radushkevich isotherm
equations. Langmuir and Temkin isotherm models provided a better ﬁt with the experimental data
than Freundlich and Dubinin–Radushkevich isotherm models by high correlation coefﬁcients R2.
The thermodynamic analysis indicated that the biosorption behavior of cadmium ions onto loquat
leaves (LL) biosorbent was an endothermic process, resulting in higher biosorption capacities at
higher temperatures. The negative sign values of DG0 and positive values of DH0 revealed that
the biosorption process was spontaneous and endothermic. Kinetic studies showed that pseudo-sec-
ond order described the biosorption experimental data better than the pseudo-ﬁrst order kinetic
model. The (LL) were successfully used for the biosorption of cadmium ions from contaminated
water sources.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
Cadmium has been released to the environment through
metal production, application of phosphate fertilizers, elec-troplating, manufacturing of batteries, and pigments. Cad-
mium(II) has been classiﬁed as a human carcinogen and
teratogen impacting lungs, kidneys, liver and reproductive
organs (Waalkes, 2000). Strict environmental protection leg-
islation and public environmental concerns lead the search
for novel techniques to remove heavy metals from water
and industrial wastewater. The World Health Organization
(WHO), has set a maximum guideline concentration of
0.003 mg/L for Cd(II) in drinking water (WHO, 2008). Dif-
ferent methods of heavy metals removal are used, such as
precipitation, electro precipitation, electro coagulation,
cementing and separation by membrane, the solvent extrac-
tion and the exchange of ions on resins. There is a growing
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able adsorbents for the adsorption of cadmium, particularly
if the adsorbents are the wastes. The researchers were ori-
ented toward low-cost adsorbents which are the agro wastes
such as: the tree fern (Ho and Wang, 2004), green coconut
shell powder (Pino et al., 2006), degreased coffee beans
(Kaikake et al., 2007), wood sawdust (Sciban et al., 2007),
orange waste (Perez-Marin et al., 2007), juniper bark and
wood (Shin et al., 2007), orange peel cellulose (Li et al.,
2007), maize leaf (Babarinde et al., 2007), ulmus leaves and
their ash (Mahvi et al., 2008), agricultural waste biomass
(Garg et al., 2008), ground wheat stems (Tan and Xiao,
2009), pomela peel (Saikaew et al., 2009), Charred biomate-
rials (Li et al., 2010), and untreated coffee grounds
(Azouaou et al., 2010).
The present study was carried out to show the potential of
biosorption of cadmium on an agro material which is LL com-
ing from loquat fruit tree waste. Results from this study can be
used to assess the utility of LL for cadmium removal from
water and industrial wastewaters.Figure 1 FTIR of fresh Loquat leaves (LL).2. Experimental
2.1. Adsorbent
The raw LL was collected from Royal Scientiﬁc Society,
Amman, Jordan. This agricultural waste was thoroughly
rinsed with water to remove dust and soluble material.
Then it was allowed to dry at room temperature. The dried
waste was grounded to a ﬁne powder in a grinding mill
(Retsch RM 100) and sieved to get size fraction < 44 lm.
The ﬁne powder was then dried in an oven at 60 C for
24 h.
2.2. Adsorbate
All the chemicals used were of analytical reagent (AR)
grade. Stock solution of 1000 mg/L of cadmium(II) was pre-
pared from Cd(NO3)2Æ4H2O (Merck) using double distilled
water. Desired test solutions of cadmium(II) ions were pre-
pared using appropriate subsequent dilutions of the stock
solution. The range of concentrations of cadmium(II) ions
prepared from standard solution varies between 10 and
40 mg/L. Before mixing the adsorbent, the pH of each test
solution was adjusted to the required value with 0.1 M
NaOH or 0.1 M HCl.
2.3. Analysis
The concentrations of cadmium in the solutions before and
after equilibrium were determined by AAS6300 Atomic
absorption spectrometer (Shimadzu, Japan). The pH of the
solution was measured with a WTW pH meter using a com-
bined glass electrode. Fourier Transform Infrared Spectros-
copy, FTIR (IR Prestige-21, Shimadzu, Japan) was used to
identify the different chemical functional groups present in
the LL and also to determine the functional groups which
are responsible for the metal binding with the LL. The analysis
was carried out using KBr and the spectral range varying from
4000 to 400 cm1.2.4. Biosorption experiments
To study the temperature effect on the kinetics of Cd(II) bio-
sorption onto LL, 0.4 g/ L of LL was added to each glass ﬂask
containing 50 mL of 20 mg/L Cd(II) solution. The glass ﬂasks
were stoppered during the equilibrium period. Experiments
were carried out at three temperatures 293, 303, and 313 K
by placing the glass ﬂasks on a temperature controlled shaker.
Samples were collected at different times for Cd(II) analysis.
Independent blank experiments found that there was no Cd(II)
biosorption to the glass ﬂasks. Biosorption isotherms were
obtained by varying the initial Cd(II) concentration from 10
to 40 mg/L in 50 mL ﬂasks with 0.4 g/L LL at three tempera-
tures (293, 303 and 313 K). The samples were collected at dif-
ferent times to quantify initial and ﬁnal Cd(II) concentrations.
All experiments were performed in duplicate inside the anaer-
obic chamber. Sample aliquots collected were ﬁltered through
ﬁlter paper. The pH values of the aqueous solution were mea-
sured. The Cd(II) concentrations were determined by
AAS6300.
The amount of biosorption was calculated based on the dif-
ference between the initial (Co, mg/L) and ﬁnal concentration
(Ce, mg/L) in every ﬂask, as follows (Dang et al., 2009; Tan
and Xiao, 2009):
qe ¼
Co  Ce
M
 V ð1Þ
where qe is the metal uptake capacity (mg/g), V is the volume
of the cadmium solution in the ﬂask (L) andM is the dry mass
of biosorbent (g).
3. Results and discussion
3.1. FTIR studies
To investigate the functional groups of fresh and metal loaded
LL, a FT-IR study was carried out and the spectra are shown
in Figs. 1 and 2. The fresh LL displays a number of absorption
peaks, reﬂecting the complex nature of the LL. A peak at
3410 cm1 region results due to the stretching of the N–H
bond of amino groups and indicative of bonded hydroxyl
group. A change in peak position to 3360 cm1 in the spectrum
of the metal loaded LL, Fig. 2 indicates the binding of cad-
mium with amino and hydroxyl groups. The strong absorption
peak at 2927 cm1 could be assigned to –CH stretching vibra-
tions of –CH3 and –CH2 functional groups. The peak at
1620 cm1 indicates the ﬁngerprint region of CO, C–O and
O–H groups, which exists as functional groups of LL. Shifting
Figure 2 FTIR of Loquat leaves loaded with Cd(II).
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groups in metal binding. The region between 1520 and
1000 cm1 is the ﬁngerprint of OH, and C–H bending vibra-
tion and C–O stretching vibration absorption bands. The
absorption peaks at 1442, 1377 and 1319 cm1 could be attrib-
uted to the presence of C–O stretching. These peaks were
shifted to 1519, 1450 and 1373 cm1, respectively. The intense
band at 1060 cm1 can be assigned to the C–O of alcohols and
carboxylic acids. The shift of the peak from 1060 to 1035 cm1
also suggests the involvement of C–O group in binding Cd(II).
The shifts in the absorption peaks generally observed indicate
the existence of a metal binding process taking place on the
surface of the loquat leaves.
3.2. Effect of pH
The pH is an important process parameter on biosorption of
metal ions from aqueous solutions since it is responsible for
protonation of metal binding sites. It was found that Cd(II)
uptake by loquat leaves was a function of solution pH. The
uptake of cadmium increased with the increase in pH from
2.0 to 6.0. At lower pH values cadmium removal was inhibited,
possibly as a result of the competition between hydrogen and
cadmium ions on the sorption sites, with an apparent prepon-
derance of hydrogen ions, which restricts the approach of
metal cations as in consequence of the repulsive force. As the
pH increased, the active sites in loquat leaves (LL) would be
exposed, increasing the negative charge density on the LL sur-
face, increasing the attraction of metallic ions with positive
charge and allowing the biosorption onto the LL surface. In
this study, these cadmium cations at around pH 6 would be
expected to interact more strongly with the negatively charged
binding sites in the biosorbent. As a result, the optimum pH
for cadmium biosorption was found as 6 and the other bio-
sorption experiments were performed at this pH value.
3.3. The effect of contact time
The data obtained from the biosorption of cadmium ions onto
LL powder showed that a contact time of 60 min was sufﬁcient
to achieve equilibrium and the biosorption did not change sig-
niﬁcantly with further increase in contact time. Therefore, the
uptake (qe, mg/g) and the adsorbed cadmium concentrations
(Ce, mg/L) at the end of 60 min are given as the equilibrium
values and the other biosorption experiments were conducted
at this contact time of 60 min.3.4. Effect of metal ion concentration
The effect of metal ion concentration on the adsorption of cad-
mium by loquat leaves (LL) powder shows that the metal
uptake increases and the percentage biosorption of cadmium
decreases with increase in metal ion concentration. This
increase is a result of increase in the driving forces, i.e., concen-
tration gradient. However, the percentage adsorption of cad-
mium ions onto LL powder was decreased from 94.50% to
68.45%. Though an increase in metal uptake was observed,
the decrease in percentage biosorption may be attributed to
lack of sufﬁcient surface area to accommodate much more
metal available in the solution. The percentage biosorption
at higher concentration levels shows a decreasing trend
whereas the equilibrium uptake of cadmium displays an oppo-
site trend. At lower concentrations, all cadmium ions present
in solution could interact with the binding sites and thus the
percentage of biosorption was higher than those at higher cad-
mium ion concentrations. At higher concentrations, lower bio-
sorption yield is due to the saturation of biosorption sites.
3.5. Effect of adsorbent concentration
The effect of adsorbent concentration on the % removal at
equilibrium conditions was investigated. It was observed that
the amount of cadmium biosorbed varied with varying adsor-
bent concentration. The amount of cadmium adsorbed
increases with an increase in adsorbent concentration from
0.1 to 0.5 g. The percentage cadmium removal was increased
from 66.66% to 94.45% for an increase in LL concentration
from 0.1 to 0.5 g at initial concentration of 40 mg/L. The
increase in the adsorption of the amount of solute is obvious
due to increasing LL surface area.
3.6. Biosorption isotherm models
An adsorption isotherm describes the fraction of sorbate mol-
ecules that are partitioned between liquid and solid phases at
equilibrium. Adsorption of Cd(II) ions onto LL particles was
modeled using four adsorption isotherms.
3.6.1. Freundlich isotherm
The Freundlich isotherm model is the well known earliest rela-
tionship describing the adsorption process. This model applies
to adsorption on heterogeneous surfaces with the interaction
between adsorbed molecules and the application of the Fre-
undlich equation also suggests that sorption energy exponen-
tially decreases on completion of the sorptional centers of an
adsorbent. This isotherm is an empirical equation and can be
employed to describe heterogeneous systems and is expressed
as follows in linear form (Freundlich, 1939):
log qe ¼ logKF þ
1
n
logCe ð2Þ
where KF is the Freundlich constant related to the bonding
energy. 1/n is the heterogeneity factor and n (g/L) is a measure
of the deviation from linearity of adsorption. Freundlich equi-
librium constants were determined from the plot of log qe ver-
sus log Ce, Fig. 3 on the basis of the linear of Freundlich
equation (2). The n value indicates the degree of non-linearity
between solution concentration and adsorption as follows: if
Figure 3 Freundlich isotherm for Cd(II) biosorption onto LL:
¤, 293 K; h, 303 K; m, 313 K. Initial Cd(II) concentration 20 mg/
L and pH 6.
Figure 4 Langmuir isotherm for Cd(II) biosorption onto LL: ¤,
293 K; h, 303 K; m, 313 K. Initial Cd(II) concentration 20 mg/L
and pH 6.
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chemical process; if n> 1, then adsorption is a physical pro-
cess. The n value in Freundlich equation was found to be
1.91–2.69 for LL, Table 1. Since n lie between 1 and 10, this
indicates the physical biosorption of cadmium(II) onto LL.
The values of regression coefﬁcients R2 are regarded as a mea-
sure of goodness of ﬁt of the experimental data to the isotherm
models.
3.6.2. Langmuir isotherm
The Langmuir isotherm assumes monolayer adsorption on a
uniform surface with a ﬁnite number of adsorption sites
(Langmuir, 1918). Once a site is ﬁlled, no further sorption
can take place at that site. As such the surface will eventually
reach a saturation point where the maximum adsorption of the
surface will be achieved. The linear form of the Langmuir iso-
therm model is described as:Table 1 Langmuir, Freundlicm, Temkin and Dubinin–Rad-
ushkevich constants for Cd(II) biosorption by LL.
T (K) qmax (mg/g) KL (L/mg) R
2
Langmuir
293 46.29 0.075 0.9996
303 48.78 0.097 0.9994
313 49.75 0.142 0.9999
KL (mg/g) 1/n R
2
Freundlich
293 5.61 0.524 0.9865
303 8.05 0.456 0.9838
313 11.87 0.372 0.9765
bT (J/mol) KT (L/g) R
2
Temkin
293 220.73 1.36 0.9964
303 220.13 1.22 0.9977
313 238.22 0.62 0.9987
qd (mg/g) B R
2
D–R
293 3.37 5.00E06 0.9154
303 3.52 4.00E06 0.9186
313 3.65 3.00E06 0.9386Ce
qe
¼ 1
KLqmax
þ 1
qmax
Ce ð3Þ
where KL is the Langmuir constant related to the energy of
adsorption and qmax is the maximum adsorption capacity
(mg/g). Values of Langmuir parameters qmax and KL were cal-
culated from the slope and intercept of the linear plot of Ce/qe
versus Ce as shown in Fig. 4. Values of qmax, KL and regression
coefﬁcient R2 are listed in Table 1. These values for LL biosor-
bent indicated that Langmuir theory describes the biosorption
phenomena favorable.
The essential characteristics of the Langmuir isotherm
parameters can be used to predict the afﬁnity between the sor-
bate and sorbent using separation factor or dimensionless
equilibrium parameter, ‘‘RL’’, expressed as in the following
equation (Ozer et al., 2004):
RL ¼ 1ð1þ KLCoÞ ð4Þ
where KL is the Langmuir constant and Co is the initial con-
centration of nickel(II) ions. The value of separation parame-
ter RL provides important information about the nature of
adsorption. The value of RL indicated the type of Langmuir
isotherm to be irreversible (RL = 0), favorable
(0 < RL < 1), linear (RL = 1) or unfavorable (RL > 1). The
RL was found to be 0.57–0.25 for concentration of 10–
40 mg/L of nickel(II). They are in the range of 0–1 which indi-
cates the favorable biosorption.Figure 5 Temkin isotherm for Cd(II) biosorption onto LL: ¤,
293 K; h, 303 K; m, 313 K.
Figure 6 Plot of ln Kc versus 1/T for Cd(II) biosorption onto
LL.
Table 2 Thermodynamic parameters of Cd(II) biosorption
onto LL at different temperatures.
T (K) DG0 (kJ/mol) DH0 (kJ/mol) DS0 (J/mol K)
293 7.02 29.73 125.44
303 8.21
313 9.55
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The Temkin isotherm model assumes the adsorption energy
decreases linearly with the surface coverage due to adsor-
bent–adsorbate interactions. The linear form of Temkin iso-
therm model (Aharoni and Ungarish, 1977; Boparai et al.,
2011) is deﬁned by
qe ¼ RT lnKT þ
RT
bT
lnCe ð5Þ
where bT is the Temkin constant related to heat of sorption (J/
mol) and KT is the Temkin isotherm constant (L/g). These con-
stants were obtained from plotting qe versus ln Ce, Fig. 5. Val-
ues of bT and KT are listed in Table 1.
3.6.4. Dubinin–Radushkevich (D–R) isotherm
The D–R isotherm model is a semi-empirical equation where
adsorption follows a pore ﬁlling mechanism. It assumes that
the adsorption has a multilayer character, involves van der
Waals forces and is applicable for physical adsorption pro-
cesses. The linear form of D–R isotherm model (Huston and
Yang, 1997) is expressed as:
ln qe ¼ ln qd  be2 ð6Þ
where qd is the D–R constant (mg/g), b is the constant related
to free energy and e is the Polanyi potential which is deﬁned as:
e ¼ RT ln 1þ 1
Ce
 
ð7Þ
The Polanyi potential e was determined from Eq. (7). The cal-
culated qd and b constants in Eq. (6), Table 1 were determined
from intercept and slope of a plot of ln qe versus e
2.
From the data in Table 1, it was observed that Langmuir
model showed a better ﬁt than the Freundlich isotherm, Tem-
kin equation, and Dubinin–Radushkevich (D–R) equation,
thus indicating the applicability of monolayer coverage of cad-
mium(II) ions on the loquat leaves (LL) surface. Also the equi-
librium data were also well described by Temkin equation,
Table 1.
3.7. Thermodynamic parameters
The thermodynamic parameters Al-Anbar and Matouq (2008)
can be determined from following equations (Boparai et al.,
2011; Al-Anbar and Matouq, 2008):
DG0 ¼ RT lnKC ð8Þ
lnKc ¼ DS
0
RT
 DH
0
RT
ð9Þ
DG0 ¼ DH0  TDS0 ð10Þ
where Kc can be deﬁned as
Kc ¼ as
ae
¼ cs
ce
¼ Cs
Ce
ð11Þ
where Kc is the distribution constant, as is activity of adsorbed
Cd(II), ae is activity of Cd(II) in solution at equilibrium, cs is
activity coefﬁcient of adsorbed Cd(II), ce is activity coefﬁcient
of Cd (II) in equilibrium solution, Cs is Cd(II) adsorbed on LL
(mg/g), and Ce is Cd(II) concentration in equilibrium solution
(mg/L). DG0, DH0 and DS0 are changes in Gibbs free energy(kJ/mol), enthalpy (kJ/mol) and entropy (J/mol K), respec-
tively. R is the gas constant (8.314 J/mol K) and T is the tem-
perature (K). The values of DH0 and DS0 were determined
from the slope and the intercept from the plot of ln Kc versus
1/T, Fig. 6. The value of enthalpy change (DH0) and the
entropy change (DS0) recorded from this work were presented
in Table 2. The Gibbs free energy DG0 is small and negative
indicates the spontaneous nature of the biosorption. The val-
ues of DG0 were found to increase as temperature increased,
indicating more driving force and hence resulting in higher bio-
sorption capacity. The value of DH0 was positive, indicating
the endothermic nature of the biosorption of Cd(II) onto
LL. The positive values of DS0 shows an afﬁnity of biosorbent
and the increasing randomness at the solid solution interface
during the biosorption process. The thermodynamic parame-
ters indicated that the biosorption process can be used for
the removal of Cd(II) ions by LL.
3.8. Adsorption kinetic
Metal uptake qt (mg metal ion per g LL) was determined by
mass balance, as follows:
qt ¼ ðC0  CtÞ
V
M
ð12Þ
where C0 and Ct are cadmium concentrations (mg/L) at time 0
and t, respectively, V is the volume of the solution (mL), and
M is the mass of LL (g).
Parameters from two kinetic models, pseudo ﬁrst-order and
pseudo second-order were ﬁt to experimental data to examine
the adsorption kinetics of cadmium uptake by LL.
3.8.1. Pseudo ﬁrst-order kinetics
The pseudo ﬁrst-order equation of Lagergren (Ho, 2004)
describes adsorption in solid–liquid systems based on the
Table 3 Biosorption kinetic model parameters for Cd(II) by
LL.
T (K) k2 (min
1) qe (mg/g) R
2
Pseudo-ﬁrst order
293 2.51 0.039 0.9747
303 2.26 0.041 0.963
313 1.99 0.049 0.9782
k2 ·103 (g/mg min) qe (mg/g) R2
Pseudo-second order
293 0.98 37.74 0.9998
303 0.97 40.16 0.9999
313 1.9 39.22 0.9999
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is sorbed onto one sorption site on the LL surface:
Aþ CdðIIÞa!K1 ACdðIIÞs ð13Þ
where A represents an unoccupied sorption site on the LL and
k1 is the pseudo ﬁrst order rate constant.
The pseudo-ﬁrst order equation of Lagergren is generally
expressed as follows:
dqt
dt
¼ k1ðqe  qtÞ ð14Þ
where qe and qt are the sorption capacities at equilibrium and
at time t, respectively (mg/g) and k1 is the rate constant of
pseudo-ﬁrst order sorption, (1/min). After integration and
applying boundary conditions, qt = 0 to qt = qt at t= 0 to
t= t; the integrated form of Eq. (14) becomes:
logðqe  qtÞ ¼ log qe 
k1
2:303
t ð15Þ
The equation applicable to experimental results generally dif-
fers from a true ﬁrst order equation in two ways: the parameter
k1(qe  qt) does not represent the number of available sites;
and the parameter log qe s an adjustable parameter which is
often not found equal to the intercept of a plot of log (qe –
qt) against t, whereas in a true ﬁrst order sorption reaction
log qe should be equal to the intercept of log(qe – qt) against
t. In order to ﬁt Eq. (15) to experimental data, the equilibrium
sorption capacity, qe must be known. In many cases it is
unknown and as chemisorption tends to become unmeasurably
slow, the amount sorbed is still signiﬁcantly smaller than the
equilibrium amount. In most cases in the literature, the
pseudo-ﬁrst order equation of Lagergren does not ﬁt well for
the whole range of contact time and is generally applicable
over the initial 20–30 min of the sorption process. Further-
more, one has to ﬁnd some means of extrapolating the exper-
imental data to t =1, on treating qe as an adjustable
parameter to be determined by trial and error. For this reason,
it is therefore necessary to use trial and error to obtain the
equilibrium sorption capacity, in order to analyze the
pseudo-ﬁrst order model kinetics.Figure 7 Pseudo-ﬁrst order kinetic model for Cd(II) biosorption
onto LL at ¤, 293 K; h, 303 K; m, 313 K.The pseudo ﬁrst order rate constant can be obtained from
the slope of plot between log (qe – qt) against time, t. Fig. 7
shows the pseudo-ﬁrst order kinetic plot for the biosorption
of cadmium onto LL powder. The pseudo ﬁrst order rate con-
stant values were calculated from the slope and intercept,
Fig. 7. The calculated values and their corresponding linear
regression correlation coefﬁcient values are shown in Table 3.
The correlation coefﬁcient value was found to be 0.9747, which
shows that this model cannot be applied to predict the adsorp-
tion kinetic model.
3.8.2. Pseudo-second order kinetics
The pseudo second-order rate expression, which has been
applied for analyzing chemisorption kinetics rate (Ho, 2006)
is expressed as:
dqt
dt
¼ kðqe  qtÞ2 ð16Þ
where qe and qt are the sorption capacity at equilibrium and at
time t, respectively (mg/g) and k is the rate constant of pseudo-
second order sorption, g/mg min. For the boundary conditions
to qt = 0 to qt = qt at t= 0 to t= t; the integrated form of
Eq. (16) becomes:
1
ðqe  qtÞ
¼ 1
qe
þ kt ð17Þ
Eq. (17) can be rearranged to obtain:
qt ¼
t
1
kq2e
þ t
qe
ð18ÞFigure 8 Pseudo-second order kinetic model for Cd(II) biosorp-
tion onto LL at ¤, 293 K; h, 303 K; m, 313 K.
Table 4 Maxmium biosorption capacities of various’ biosorbents for Cd(II).
Biosorbent qmax (mg/g) References
Ulmus leaves 6.94 Mahvi et al. (2008)
Ulmus leaves ash 8.44 Mahvi et al. (2008)
Maize leaf 10.18 Babarinde et al. (2007)
Untreated coﬀee grounds 15.65 Azouaou et al. (2010)
Pomelo peel 21.83 Saikaew et al. (2009)
Olive stone 6.97 Blazquez et al. (2005)
Sugar beat pulp 46.10 Pehlivan et al. (2008)
Sugar cane bagasse 6.97 Ibrahim et al. (2006)
Green coconut shell 285.7 Pino et al. (2006)
Ground nut husk 42.71 Okieimen et al. (1991)
Olive cake 65.4 Al-Anbar and Matouq (2008)
Rice husks 8.58 Kumar and Bandyopadhyay (2006)
Ground wheat stems 11.6 Tan and Xiao (2009)
Loquat leaves 48.78 This work
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t
qe
¼ 1
kq2e
þ 1
qe
t ð19Þ
where t is the contact time (min), qe (mg/g) and qt (mg/g) are
the amount of the solute adsorbed at equilibrium and at any
time, t. If pseudo-second order kinetics is applicable, the plot
of t/qt versus t of Eq. (19) should give a linear relationship,
from which qe and k can be determined from the slope and
intercept of the plot, Fig. 8.
The pseudo-second order rate constant k, the calculated qe
value and the corresponding linear regression correlation coef-
ﬁcient value are given in Table 3. At all initial cadmium con-
centrations, the linear regression correlation coefﬁcient R2
values were higher. The higher values conﬁrm that the adsorp-
tion data are well represented by pseudo-second order kinetics
and supports the assumption behind the model that the
adsorption is due to chemisorptions.
3.9. Comparison of Cd(II) biosorption with different
biosorbents
The biosorption capacity of loquat leaves (LL) biosorbent for
the removal of Cd(II) ions from aqueous solutions was com-
pared with those of other biosorbents reported in literature.
Table 4 shows the biosorption capacity, qmax based on Lang-
muir adsorption capacity. Maximum Cd(II) ions biosorption
onto LL at pH 6.0 and 30 C obtained in this study was
48.78 mg/g and found to be higher than many other biosor-
bents. The availability and cost effectiveness of loquat leaves
(LL) are additional advantages to be used as an effective bio-
sorbent for removal of Cd(II) from industrial wastewaters.
3.10. Desorption and regeneration studies
In order to investigate biosorption on Cd(II) ions from cad-
mium loaded LL, the cadmium-loaded biosorbent was treated
with HCl. Desorption studies were performed with different
hydrochloric acids concentration. Complete elution of the
loaded Cd(II) 98.87% could be achieved by using 0.1 N HCl.
To keep the biosorption process cost down, our results indicate
that LL biosorbent could be used repeatedly in Cd(II)
biosorption.4. Conclusion
The potential of loquat leaves (LL) for the removal of Cd(II)
ions from aqueous solutions was dependent on biosorption
process such as pH, initial Cd(II) ions concentration, biosor-
bent dose, contact time, and temperature. The data obtained
from thermodynamic studies were used to calculate the ther-
modynamic quantities such as DG0, DH0 and DS0 of biosorp-
tion. The results indicated that cadmium(II) biosorption
onto LL was found to be spontaneous and endothermic. The
equilibrium data have been analyzed using Langmuir, Freund-
lich isotherms, Temkin equation, and D–R. The characteristic
parameters for each isotherm and related correlation coefﬁ-
cients, R2 were determined. The Langmuir biosorption iso-
therm was demonstrated to provide the best correlation for
the biosorption of cadmium(II) ions onto LL. The maximum
monolayer adsorption capacity of LL was found to be
48.78 mg of cadmium(II)/g of LL. The kinetic results provided
the best correlation of the experimental data of biosorption of
cadmium (II) onto LL by pseudo second-order equation. It
can be concluded that since the LL is an easily, locally avail-
able, low-cost adsorbent and has a considerable high biosorp-
tion capacity, it may be treated as an alternative adsorbent for
treatment of wastewater containing cadmium(II) ions.
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